(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

19.01.2005 Bulletin 2005/03 

(21) Application number: 04016818.9 

(22) Date of filing: 16.07.2004 



(id EP 1 498 400 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 7 : C04B 35/591 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• 


Miyakawa, Naomichi Asahi Glass Co. Ltd. 


HU IE IT LI LU MC NL PL PT RO SE SI SK TR 




Yokohama-shi Kanagawa (JP) 


Designated Extension States: 


• 


Watanabe, Toshinari Asahi Glass Co. Ltd. 


AL HR LTLV MK 




Yokohama-shi Kanagawa (JP) 




• 


Shinohara, Nobuhiro Asahi Glass Co. Ltd. 


(30) Priority: 17.07.2003 JP 2003276170 




Yokohama-shi Kanagawa (JP) 


(71) Applicant: Asahi Glass Co., Ltd. 


(74) 


Representative: Muller-Bore & Partner 


Tokyo 100-8405 (JP) 




Patentanwalte 






Grafinger Strasse 2 






81671 Munchen (DE) 



(54) Method for producing a silicon nitride filter 

(57) A method for producing a silicon nitride filter, 
which comprises heat-treating in nitrogen a green body 
comprising from 60 to 95 mass% of metal silicon parti- 
cles having an average particle diameter of from 10 to 
75 u.m, wherein particles having particle diameters of 
from 5 to 100 u.m are at least 70 mass% in the entire 
metal silicon particles, and from 5 to 40 mass% of a 



pore-forming agent, to convert metal silicon substantial- 
ly to silicon nitride. More preferably, the green body con- 
tains at least one member selected from the group con- 
sisting of an inorganic acid salt, an organic acid salt and 
a hydroxide containing at least one metal element se- 
lected from the group consisting of Mg, Ca, Fe and Cu. 
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Description 

[0001 ] The present invention relates to a silicon nitride 
filter suitable for removing powder dust contained in a 
high temperature exhaust gas. 

[0002] Silicon nitride has characteristics excellent in 
heat resistance, corrosion resistance, chemical resist- 
ance, mechanical strength, etc. and is expected to be 
useful for a filter (hereinafter referred to as DPF) for re- 
moval of fine particles (hereinafter referred to as partic- 
ulates) discharged from a diesel engine or for a filter for 
collection or removal of dust under a high temperature 
or corrosive environment. Methods for producing such 
silicon nitride filters may generally be classified on the 
basis of starting materials into a production method 
wherein silicon nitride particles are used as the starting 
material (JP-A-6-256069, JP-A-7-1 87845, JP-A- 
8-59364) and a production method wherein metal silicon 
particles are used as the starting material (JP-A- 
52-121613, WO01/47833, JP-A-2002-284585). A pro- 
duction method wherein metai silicon particles are used 
as the starting material, and silicon nitride is produced 
by direct nitriding, has a characteristic such that the ma- 
terial cost is usually low as compared with a production 
method wherein silicon nitride particles are used as the 
starting material, and thus it is superior from the view- 
point of the production cost. 

[0003] As a conventional technique for the production 
method wherein metal silicon is used as the starting ma- 
terial, a method has been proposed wherein a silicon 
nitride porous body is obtained by nitriding treatment of 
a green body made of fine metal silicon powder (JP-A- 
52-121613). However, in order to obtain a porous body 
having a high porosity, it is necessary to subject a metal 
silicon green body having a low density of the green 
body to nitriding treatment, and in such a case, fine, 
whisker-like silicon nitride fibers are likely to form on the 
surface or in the interior, whereby the average pore di- 
ameter of the porous body tends to be small. 
[0004] As a means to solve such a problem, a method 
has been proposed in which a green body comprising 
from 40 to 90% of metal silicon particles having an av- 
erage particle diameter of from 1 to 200 um and from 1 0 
to 60% of a pore-forming agent, is thermally treated in 
nitrogen to obtain a silicon nitride porous body having 
an average pore diameter of from 5 to 40 um 
(WO01/47833). However, even by this method, when 
the product is used as DPF, it is still required to have a 
lower pressure loss and a higher efficiency for collecting 
particulates. 

[0005] Further, a method has been proposed in which 
a green body composed mainly of metal silicon is pre- 
pared, and before nitriding the obtained green body 
composed mainly of metal silicon, the atmosphere is 
controlled to remove an oxide on the surface of metal 
silicon, and then, nitrogen gas is introduced to nitride 
metal silicon thereby to obtain a silicon nitride porous 
body (JP-A-2002-284585). However, even by this meth- 



od, it is difficult to obtain a silicon nitride porous body 
having a sufficiently large porosity or pore diameter, and 
there is a problem also from the viewpoint of the pro- 
ductivity such that the atmosphere control is required 
5 prior to the nitriding treatment of metal silicon, whereby 
it is not possible to use a continuous firing furnace ex- 
cellent in the productivity. 

[0006] It is an object of the present invention to pro- 
vide a method for producing a silicon nitride filter suita- 

10 ble as DPF which is excellent in mechanical properties 
and has a low pressure loss and a particularly high ef- 
ficiency for collecting particulates, wherein metal silicon 
particles are used as the starting material. 
[0007] The present invention provides a method for 

15 producing a silicon nitride filter, which comprises heat- 
treating in nitrogen a green body comprising from 60 to 
95 mass% of metal silicon particles having an average 
particle diameter of from 1 0 to 75 um , wherein particles 
having particle diameters of from 5 to 1 00 um are at least 

20 70 mass% in the entire metal silicon particles, and from 
5 to 40 mass% of a pore-forming agent, to convert metal 
silicon substantially to silicon nitride. 
[0008] By this method, it is possible to readily produce 
a silicon nitride filter having pore characteristics such 

25 that the average pore diameter and the porosity are 
large, and the proportion of pores having large pore di- 
ameters is high. Further, the silicon nitride filter obtain- 
able by this method has high strength and is excellent 
also in heat resistance, corrosion resistance and chem- 

30 ical resistance, whereby it is particularly suitable as DPF 
which is required to have strength, heat resistance, cor- 
rosion resistance, durability, etc. 

[0009] In the method for producing a silicon nitride fil- 
ter of the present invention (hereinafter referred to as 

35 the present method), a green body is used which com- 
prises from 60 to 95 mass% of metal silicon particles 
having an average particle diameter of from 10 to 75 
jim, wherein particles having particle diameters of from 
5 to 100 um are at least 70 mass% in the entire metal 

40 silicon particles, and from 5 to 40 mass% of a pore-form- 
ing agent. 

[0010] The metal silicon particles to be used in the 
present method have an average particle diameter of 
from 1 0 to 75 um. If the average particle diameter of the 

45 metal silicon particles is less than 1 0 um, the average 
pore diameter of the obtainable filter will be at most 5 
um, such being undesirable. Further, if the average par- 
ticle diameter of the metal silicon particles exceeds 75 
um, the average pore diameter of the obtainable silicon 

so nitride filter may be large, but nitriding may not neces- 
sarily be sufficient, such being undesirable. The aver- 
age particle diameter of the metal silicon particles is 
preferably from 15 to 65 um, and it is further preferred 
that the average particle diameter of the metal silicon 

55 particles is from 20 to 60 um. 

[0011] The metal silicon particles to be used in the 
present method not only have an average particle diam- 
eter of from 10 to 75 um, but also particles having par- 
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tide diameters within a range of from 5 to 100 urn, are 
at least 70 mass% in the entire metal silicon particles. 
When particles having particle diameters within a range 
of from 5 to 1 00 [am are at least 70 mass% in the entire 
metal silicon particles, pores having pore diameters of 
not more than 5 ujti in the obtainable silicon nitride filter 
will decrease and yet it will be possible to efficiently col- 
lect particulates, etc. having agglomerated particle di- 
ameters of at least 1 0 urn. It is preferred that those hav- 
ing particle diameters within a range of from 5 to 1 00 jxm 
are at least 85 mass% in the entire metal silicon parti- 
cles, and it is more preferred that those having the par- 
ticle diameters in the above range are at least 95 mass% 
in the entire metal silicon particles. 
[0012] In the present method, it is preferred that metal 
silicon particles having particle diameters within a range 
of from 1 0 to 90 (im are at least 75 mass%. It is more 
preferred4hat metal silicon particles having particle di- 
ameters within a range of from 20 to 80 am are at least 
75 mass%. It is particularly preferred that metal silicon 
particles having particle diameters within a range of from 
20 to 80 pm are at least 95 mass%. Metal silicon parti- 
cles having a particle size distribution within such a spe- 
cific range, can be obtained by suitably using a classifi- 
cation means such as a sieve or air stream classifica- 
tion. Further, the purity of the metal silicon particles is 
suitably selected depending upon the particular purpose 
or application. 

[0013] In the present method, the content of metal sil- 
icon particles is from 60 to 95 mass% in the above green 
body. If the content of metal silicon particles in the green 
body is less than 60 mass%, the porosity of the silicon 
nitride filter thereby obtainable, tends to be too large, 
and the mechanical strength tends to be inadequate for 
practical use. On the other hand, if the content of metal 
silicon particles in the above green body exceeds 95 
mass%, the porosity of the silicon nitride filter tends to 
be too small, whereby a function as a filter may not be 
obtained. 

[0014] In the present method, the pore-forming agent 
is not particularly limited, so long as it is capable of form- 
ing pores. However, it is preferably oxide ceramic hollow 
particles (hereinafter referred to simply as hollow parti- 
cles) and/or a dissipative pore-forming agent, whereby 
desired pores can be formed with a small amount of ad- 
dition. The content of the pore-forming agent is from 5 
to 40 mass% in the green body. If the content of the pore- 
forming agent in the green body is less than 5 mass%, 
the porosity of the silicon nitride filter tends to be too low, 
whereby a function as a filter may not be obtained. On 
the other hand, if the content of the pore-forming agent 
in the green body exceeds 40 mass%, the porosity of 
the silicon nitride filter tends to be too high, whereby the 
mechanical strength tends to be inadequate for a prac- 
tical use. 

[001 5] As the above-mentioned hollow particles, crys- 
talline or amorphous particles may suitably be used so 
long as they form pores at the time of heat treatment 



and they serve as a sintering aid to silicon nitride parti- 
cles formed in the heat treatment process. The hollow 
particles are preferably those composed mainly of an 
oxide of at least one metal selected from the group con- 
5 sisting of Al, Si, Ca, Sr, Ba and Mg, since the effect as 
a sintering aid will thereby be high. The porous particles 
may have a portion corresponding to the outer shell be- 
ing dense or porous so long as they are hollow. Further, 
the hollow particles are preferably spherical particles as 
10 their outer shape, since such particles are readily avail- 
able. However, particles other than spherical particles 
may be acceptable so long as they are hollow. 
[0016] As the above-mentioned dissipative pore- 
forming agent, an organic or inorganic material may suit- 
es ably be used so long as it dissipates upon e.g. decom- 
position at the time of the heat treatment thereby to form 
pores. It is preferred that the dissipative pore-forming 
agent is organic polymer particles, particularly thermally 
decomposable polymer particles, since they will decorn- 
20 pose and dissipate in the heat treatment process and 
will not retain a residue in the sintered body and thus 
they do not impair the properties of the obtainable silicon 
nitride filter. A material which may be thermally decom- 
posed and burned off, may suitably be used. For exam- 
25 pie, an acrylic resin, a polyvinyl acetate resin or a sili- 
cone resin may be mentioned. 

[0017] The average particle diameters of the hollow 
particles and the organic polymer particles are prefera- 
bly from 10 to 100 jim, whereby the porosity of the ob- 

30 tainable silicon nitride filter will be high, and yet the 
strength will be secured. If the average particle diameter 
of the hollow particles, etc. is less than 10 ujn, the con- 
tribution to formation of pores will decrease. On the oth- 
er hand, if the average particle diameter of the hollow 

35 particles, etc. exceeds 100 u.m, the strength of the ob- 
tainable silicon nitride filter tends to be inadequate, such 
being undesirable. 

[0018] In the present method, the green body prefer- 
ably contains an inorganic acid salt and/or organic acid 

40 salt containing at least one metal atom selected from 
the group consisting of Mg, Ca, Fe and Cu, whereby ni- 
triding of metal silicon particles will be accelerated. The 
inorganic acid salt is not particularly limited, and a ni- 
trate, a chloride or a sulfate may, for example, be men- 

45 tioned. On the other hand, as the organic acid salt, a 
carboxylate such as an acetate or an oxalate may, for 
example, be mentioned. It is particularly preferably a 
water-soluble salt, whereby it can be added in the form 
of a solution to the green body, and the nitriding accel- 

50 erating effect can be obtained with a small amount as 
compared with a case where it is added in the form other 
than a salt, such as an oxide. Usually, the smaller the 
amount of such an element to be added, the better, since 
the properties of the silicon nitride filter will less likely to 

55 be impaired. Among the above salts, a nitrate such as 
iron nitrate or a carboxylate may, for example, be pre- 
ferred. 

[0019] In the present method, a hydroxide containing 
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at least one metal element selected from the group con- 
sisting of Mg, Ca, Fe and Cu may be used as a substitute 
for the inorganic salt or in combination with the inorganic 
salt and/or the organic salt. For example, in a process 
for preparing a material for extrusion molding by knead- 
ing with water, an inorganic acid salt readily soluble in 
water such as magnesium nitrate, is considered to be 
reacted with water to form a hydroxide. Accordingly, 
magnesium hydroxide may be used. Namely, it is pre- 
ferred that the green body contains at least one member 
selected from the group consisting of an inorganic acid 
salt, an organic acid salt and a hydroxide containing at 
least one metal element selected from the group con- 
sisting of Mg : Ca, Fe and Cu, whereby nitriding of metal 
silicon particles will be accelerated. 
[0020] In the present method, the above inorganic ac- 
id salt and/or organic acid salt is preferably added in an 
amount of from 0.1 to 3 parts by mass as a metal ele- 
ment, per 100 parts by mass of the amount of the metal 
silicon particles. If such an amount is less than 0.1 part 
by mass, no adequate effects of addition may be ob- 
tained, and if it exceeds 3 parts by weight, such a salt 
is likely to impair the properties such as heat resistance, 
of the silicon nitride filter. Such an amount is more pref- 
erably from 0.5 to 2 parts by mass. 
[0021] In the present method, in a case where a hy- 
droxide containing at least one metal element selected 
from the group consisting of Mg, Ca, Fe and Cu is used 
as a substitute for the inorganic acid salt or in combina- 
tion with the inorganic acid salt and/or the organic acid 
salt, the hydroxide is preferably added in an amount of 
from 0.1 to 3 parts by mass as a metal element, per 1 00 
parts by mass of the metal silicon particles. Such an 
amount is more preferably from 0.5 to 2 parts by mass. 
[0022] In the present method, the pore-forming agent 
and the metal silicon particles may be mixed by using a 
common mixing means such as a ball mill or a mixer. As 
a method for preparing the green body comprising the 
pore-forming agent and the metal silicon particles, a 
usual ceramic-molding method such as press molding, 
extrusion molding or cast molding may suitably be em- 
ployed. Further, at the time of molding, an organic binder 
may be added. As such an organic binder, an organic 
substance may be used such as polyvinyl alcohol or its 
modified product, starch or its modified product, car- 
boxymethylcellulose, hydroxymethylcellulose, polyvinyl 
pyrrolidone, an acrylic acid or an acrylic copolymer, a 
vinyl acetate resin or a vinyl acetate copolymer. 
[0023] As a condition for the heat treatment of the 
green body, preferred is heat treatment in two stages in 
a nitrogen atmosphere, i.e. it is preferably divided into 
a first stage suitable for nitriding metal silicon particles 
and a second stage suitable for sintering silicon nitride 
particles as the formed nitride. 

[0024] As the heat treatment condition for the first 
stage, it is preferred to maintain the green body in a ni- 
trogen atmosphere at a temperature of from 1,200 to 
1 ,400°C for from 4 to 1 2 hours. If the temperature is low- 



er than 1 ,200°C, no adequate nitriding of metal silicon 
particles takes place. On the other hand, if the temper- 
ature exceeds 1,400°C f metal silicon particles tend to 
fuse in the vicinity of the fusing point (1 ,41 0°C) of metal 

5 silicon, whereby the shape of the sintered body can not 
be maintained, such being undesirable. If the time for 
maintaining at the temperature is less than 4 hours, ni- 
triding of metal silicon particles tends to be inadequate, 
such being undesirable. On the other hand, if the time 

10 for maintaining at such a temperature exceeds 12 hours, 
the nitriding reaction will no longer substantially pro- 
ceed, and the operation cost will increase, such being 
undesirable. 

[0025] As the condition for the heat treatment in the 

15 second stage, it is preferred to maintain the green body 
in a nitrogen atmosphere at a temperature of from 1 ,500 
to 1 ,800°C for from 1 to 12 hours. If the temperature is 
less than 1 ,500°C, no adequate sintering of the silicon 
nitride particles will proceed, such being undesirable, 

20 and if it exceeds 1 ,800°C ! the silicon nitride particles 
tend to decompose, such being undesirable. If the time 
for maintaining at such a temperature is less than 1 hour, 
no adequate sintering of the particles to one another will 
proceed, such being undesirable. On the other hand, if 

25 it exceeds 12 hours, silicon nitride tends to decompose 
especially at a high temperature, such being undesira- 
ble. Further, the heat treatment in the first stage or in 
the second stage, may be carried out by once lowering 
the temperature at an intermediate point or may be car- 

30 ried out continuously without lowering the temperature. 
[0026] The temperature raising rate at the time of the 
heat treatment may suitably be selected depending up- 
on the size, shape, etc. of the green body, but it is pref- 
erably from 50 to 600°C/hr from the viewpoint of the ni- 

35 triding rate or the pore diameters. Even in a tempera- 
ture-raising process, so long as the temperature is with- 
in the temperature range defined for the first stage or 
the second stage, the time thereby passed will be in- 
cluded in the time for maintaining in the first or the sec- 

40 ond stage. Here : the nitrogen atmosphere is meant for 
an atmosphere which contains substantially nitrogen 
only and contains no oxygen, but it may contain other 
inert gases. The nitrogen partial pressure is preferably 
at least 50 kPa. 

45 [0027] The porosity of the silicon nitride filter obtained 
by the present method is preferably from 45 to 80%. The 
porosity is measured by an Archimedes method. If the 
porosity is less than 45%, the pressure loss will be large, 
such being undesirable as a filter. On the other hand, if 

so the porosity exceeds 80%, the strength tends to be low, 
such being undesirable as a filter. 

[0028] The average pore diameter as measured by a 
mercury immersion method, of the silicon nitride filter 
obtainable by the present method, is preferably from 5 
55 to 40 jim. If the average pore diameter is less than 5 u,m, 
the pressure loss during the use of the filter, tends to be 
large, such being undesirable. If the average pore diam- 
eter exceeds 40 ujn, it tends to be difficult to capture 
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and remove fine particles in an exhaust gas, such as 
particulates, such being undesirable. 
[0029] The sum of pore volumes of pores having pore 
diameters of from 0.5d 0 to 1 .5d 0 is preferably at least 50 
vol% of the sum of pore volumes of all pores : where d 0 5 
is the average pore diameter of the silicon nitride filter 
obtainable by the present method, whereby the propor- 
tion of pores contributing as a filter, in all pores, will be 
high, and the pressure loss can be lowered without low- 
ering the efficiency for collection. As a result, it is pos- 10 
sible to obtain a silicon nitride filter having a low pressure 
loss and a high collection efficiency without lowering the 
mechanical strength of the filter by unnecessarily in- 
creasing the porosity to attain a low pressure loss. 
[0030] Now, the present invention will be described in is 
further detail with reference to Examples. However, it 
should be understood that the present invention is by 
no means restricted to such specific Examples. 
[0031] Now, Examples of the present invention (Ex- 
amples 1 , 2 and 4 to 6) and Comparative Example (Ex- 20 
ample 3) are shown. The obtained porous bodies were 
evaluated by the following evaluation methods. 

Evaluation methods 

- p 5 

[0032] Porosity: calculated by an Archimedes meth- 
od. 

[0033] Average pore diameter: measured by a mer- 
cury porosimeter (AUTOSCAN-33 : manufactured by 
Yuasa Ionics Inc.). 30 
[0034] Crystal phase: identified by an X-ray diffraction 
apparatus (tradename: GAIGERFLEX RAD-tIA, manu- 
factured by Rigaku Corporation). 

[0035] Room temperature strength: From a filter pre- 
pared to have a honeycomb structure, a test specimen 
comprising 7x7 cells and having a length of 1 2 mm, was 
cut out, and a load was applied at an application rate of 
0.5 mm/min in parallel with the extrusion direction, 
whereby the room temperature strength was measured 
as a compression strength. 

EXAMPLE 1 

[0036] A mixed powder comprising 70 mass% of met- 
al silicon particles having an average particle diameter 
of 30 um, wherein metal silicon particles having particle 
diameters of from 5 to 100 um were 97 mass% in the 
entire metal silicon particles, and 30 mass% of spherical 
silica-alumina type glass hollow particles having an av- 
erage particle diameter of 45 um as a pore-forming 
agent, was prepared. To this mixed powder, magnesium 
nitrate was added so that it would be 1 part by mass per 
100 parts by mass of metal silicon, to obtain a powder 
for a green body. To 1 00 parts by mass of the powder 
for a green body, 20 parts by mass of methylcellulose 
and 56 parts by mass of deionized water were added to 
obtain an extrusion molding material. 
[0037] The above extrusion molding material was ex- 



trusion-molded into a green body of a honeycomb shape 
by a vacuum extruder and dried at 100°C. The dried 
honeycomb green body was heated in a nitrogen atmos- 
phere to 1,350°C at a temperature-raising rate of 2°C/ 
min and then maintained for 4 hours to carry out heat 
treatment in the first stage. Further, it was heated to a 
temperature of 1 ,700°C at a temperature-raising rate of 
4°C/min and maintained for 4 hours to obtain a porous 
silicon nitride honeycomb sintered product. The ob- 
tained porous product was subjected to an X-ray diffrac- 
tion measurement, whereby a diffraction peak of silicon 
nitride was identified, but no diffraction peak of metal 
silicon was identified. Further, the pore characteristics 
of the obtained porous product were such that the po- 
rosity was 60%, the average pore diameter was 1 2 urn, 
and the sum of pore volumes of pores having pore di- 
ameters of from 6 to 1 8 um was 79 vol% of the sum of 
pore volumes of all pores. The room temperature 
strength of the obtained porous product was 15 MPa. 

EXAMPLE 2 

[0038] The operation was carried out in the same 
manner as in Example 1 except that in Example 1 , in- 
stead of magnesium nitrate, magnesium hydroxide 
powder having an average particle size of 3 um was 
added so that it would be 3 parts by mass per 1 00 parts 
by mass of metal silicon. The obtained porous product 
was subjected to an X-ray diffraction measurement, 
whereby a diffraction peak of silicon nitride was identi- 
fied, but no diffraction peak of metal silicon was identi- 
fied. Further, the pore characteristics of the obtained po- 
rous product were such that the porosity was 70%, the 
average pore diameter was 8 um, and the sum of pore 
volumes of pores having pore diameters of from 4 to 12 
um was 76 vol% of the sum of pore volumes of all pores. 
The room temperature strength of the obtained porous 
product was 4 MPa. 

EXAMPLE 3 

[0039] The operation was carried out in the same 
manner as in Example 1 except that in Example 1 , as 
the metal silicon particles, metal silicon particles having 
an average particle diameter of 4 um, wherein metal sil- 
icon particles having particle diameters of from 5 to 100 
um were 40 mass% in the entire metal silicate particles, 
were used. The obtained porous product was subjected 
to an X-ray diffraction measurement, whereby a diffrac- 
tion peak of silicon nitride was identified, but no diffrac- 
tion peak of metal silicon was identified. Further, the 
pore characteristics of the obtained porous product 
were such that the porosity was 55%, the average pore 
diameter was 7 um, and the sum of pore volumes of 
pores having pore diameters of from 3.5 to 1 0.5 urn, was 
30 vol% of the sum of pore volumes of all pores. The 
room temperature strength of the obtained porous prod- 
uct was 40 MPa. 
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EXAMPLE 4 

[0040] A mixed powder comprising 70 mass% of met- 
al silicon particles having an average particle diameter 
of 55 um, wherein metal silicon particles having particle 5 
diameters of from 45 to 75 jim were 99 mass% in the 
entire metal silicon particles, and 20 mass% of spherical 
silica/alumina type glass hollow particles having an av- 
erage particle diameter of 30 urn as a pore-forming 
agent, was prepared. To this mixed powder, iron nitrate 10 
was added so that it would be 2 parts by mass to 1 00 
parts by mass of metal silicon, to obtain a powder for a 
green body. To 100 parts by mass of the powder for a 
green body, 1 5 parts by mass of methylcellulose and 50 
parts by mass of deionized water were added to obtain 15 
an extrusion molding material. 

[0041 ] The above extrusion molding material was ex- 
trusion-molded into a green body of a honeycomb shape 
by a vacuum extruder and then dried at 100°C. The 
dried honeycomb green body was heated in a nitrogen 20 
atmosphere to 1 ,350°C at a temperature-raising rate of 
2°C/min and then maintained for 10 hours to carry out 
heat treatment in the first stage. Further, it was heated 
to a temperature of 1 ,700°C at a temperature- raising 
rate of 4°C/min and maintained for 4 hours to obtain a 25 
porous silicon nitride honeycomb sintered product. The 
obtained porous product was subjected to an X-ray dif- 
fraction measurement, whereby a diffraction peak of sil- 
icon nitride was identified, but no diffraction peak of met- 
al silicon was identified. Further, the pore characteristics 30 
of the obtained porous product was such that the poros- 
ity was 63%, the average pore diameter was 25 um, and 
the sum of pore volumes of pores having pore diameters 
of from 1 2.5 to 37.5 um was 72 vol% of the sum of pore 
volumes of all pores. The room temperature strength of 35 
the obtained porous product was 8 MPa. 

EXAMPLE 5 

[0042] The operation was carried out in the same 40 
manner as in Example 4 except that in Example 4, no 
iron nitrate was added. As a result of identification of the 
phase by X-ray, the obtained porous body was found to 
comprise silicon nitride, and a residue of silicon was ob- 
served. The obtained porous product had a porosity of 45 
67% and an average pore diameter of 30 um, and the 
sum of pore volumes of pores having pore diameters of 
from 15 to 45 jim, was 67 vol% of the sum of pore vol- 
umes of all pores. The strength of the obtained porous 
product was 4 MPa. 50 

EXAMPLE 6 

[0043] The operation is carried out in the same man- 
ner as in Example 4 except that in Example 4, as the 55 
pore-forming agent, an acrylic resin having an average 
particle diameter of 1 0 um is used. By the X-ray diffrac- 
tion measurement of the obtainable porous product, a 



diffraction peak of silicon nitride is identified, but no dif- 
fraction peak of silicon is observed. The obtainable po- 
rous product has a porosity of 64% and an average pore 
diameter of 20 am. and the sum of pore volumes of 
pores having pore diameters of from 1 0 to 30 um is 85 
vol% of the sum of pore volumes of all pores. The 
strength of the obtained porous product is 10 MPa. 
[0044] The present invention is a method for produc- 
ing a silicon nitride filter, which is characterized in that 
metal silicon having a specific particle size distribution 
is used as the starting material, and it is nitrided to silicon 
nitride, and it is applicable to a method for producing a 
filter suitable as DPF, which is excellent in the mechan- 
ical properties and has a particularly low pressure loss 
and a high efficiency for collecting particulates. 



Claims 

1. A method for producing a silicon nitride filter, which 
comprises heat-treating in nitrogen a green body 
comprising from 60 to 95 mass% of metal silicon 
particles having an average particle diameter of 
from 1 0 to 75 um, wherein particles having particle 
diameters of from 5 to 100 am are at least 70 
mass% in the entire metal silicon particles, and from 
5 to 40 mass% of a pore-forming agent, to convert 
metal silicon substantially to silicon nitride. 

2. The method for producing a silicon nitride filter ac- 
cording to Claim 1 , wherein the green body contains 
at least one member selected from the group con- 
sisting of an inorganic acid salt, an organic acid salt 
and a hydroxide containing at least one metal ele- 
ment selected from the group consisting of Mg, Ca, 
Fe and Cu. 

3. The method for producing a silicon nitride filter ac- 
cording to Claim 2, wherein the salt is water-soluble. 

4. The method for producing a silicon nitride filter ac- 
cording to Claim 2 or 3, wherein the inorganic acid 
salt is a nitrate, a chloride or a sulfate. 

5. The method for producing a silicon nitride filter ac- 
cording to Claim 2 or 3, wherein the organic acid 
salt is a carboxylate. 

6. The method for producing a silicon nitride filter ac- 
cording to any one of Claims 1 to 5. wherein as the 
pore-forming agent, metal oxide ceramic hollow 
particles and/or a dissipative pore-forming agent is 
used. 

7. The method for producing a silicon nitride filter ac- 
cording to any one of Claims 1 to 6, wherein the filter 
has a porosity of from 45 to 80%. 
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8. The method for producing a silicon nitride filter ac- 
cording to any one of Claims 1 to 7, wherein the filter 
has an average pore diameter of from 5 to 40 u.m 
as measured by a mercury immersion method. 

5 

9. The method for producing a silicon nitride filter ac- 
cording to any one of Claims 1 to 8, wherein the sum 
of pore volumes of pores having pore diameters of 
from 0.5d 0 to 1 .5d 0 is at least 50 vol% of the sum of 
pore volumes of all pores, where do is the average io 
pore diameter of the filter 

10. The method for producing a silicon nitride filter ac- 
cording to any one of Claims 1 to 9, wherein the 
heat treatment is conducted in two stages in such '5 
a manner that the heat treatment in the first stage 

is carried out by maintaining the green body in a 
nitrogen atmosphere at a temperature of from 1 200 
to 1 400°C for from 4 to 1 2 hours, and then, the heat 
treatment in the second stage is carried out by 20 
maintaining it within a temperature range of from 
1 500 to 1 800°C for from 1 to 1 2 hours. 
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